Eq. (2) is a perturbation model of DC motor position system, where D(t) denotes the unknown bound time-varying dead zone uncertainty which mainly origins from uncertain time-varying nonlinear friction. Since conventional control strategy based on precise mathematic model usually can't reach performance requirement, thus, new control scheme needs be developed to improve system performance. Assumption 1. 
Function approximation-based sliding mode adaptive controller design
In this section, we give the details of the FASMAC design. Firstly, a standard linear switch function s(t) is chosen; then, the unknown bound time-varying uncertainty is transformed into a combination of series of orthonormal basis function employing Laguerre functions; thirdly, a control law including the approximation of uncertainty and it's approximation error compensation is proposed; finally, the concrete expression of the control law is obtained through Lyapunov direct method. Given referenced position as x d1 (t), assume that it's not special limit for the velocity of DC motor. Let
Define error function as asymptotically stable by holding c 1 and c 2 both positive or negative, or alternatively, switch function (6) is a sliding surface (Young et al., 1999; . In the following we will employ the FAT and Lyapunov direct method to derivate a sliding mode adaptive control law that guarantees the stability of sliding surface s(t). Let 
An excellent property of (8) Taking the time derivative of Eq. (6) along system trajectory, we have ( )
On the basis of Eq. (6) and (13), An-Chyau (2001) developed a control law including a timevarying uncertain term and a signum function of sliding surface, where the uncertain term is represented by a set of Fourier series, and then the concrete expression of the control law is obtained with direct Lyapunov method. However, the proposed control scheme can't compensate the on-line approximation error. Adopting the same approach, we propose a control law consisting of an unknown bound time-varying uncertain term same as AnChyau (2001) and add another compensative term for compensating the on-line approximation error between
, and then employ the function approximation technique to transform the uncertain term into a combination of a set of Laguerre series. According to above idea, the form of the proposed control law can be expressed as
in which, the first term ( ) ( ) 
From (8)- (12), and (15), we have ( )
In the following, the on-line update law Ŵ and expression of u r (t) can be obtained from a Lyapunov function about W and s(t) properly selected, and then concrete expression of ) ( t u m also can be obtained through (9) . Firstly, we propose the FASMAC using the following theorem, and prove the asymptotic stability of the system under control law (14). Theorem 1. For DC motor position tracking control system with unknown bound timevarying uncertainty described as (2), select (6) as the sliding surface s(t). There exists real www.intechopen.com (14), the sliding surface s(t) converges to zero and, thus, the position tracking error e 1 (t) of uncertain system (2) 
Substituting (17) 
Therefore, it can be easily shown by the Barbalat's lemma (Slotine and Li, 1991) (14) is used to compensate for this approximation error online, and it is seen in (21) that the additional term ( )
Actual experiments and results analysis
From the procedure of FASMAC design in Section 2.2, the nominal model of the DC motor position system should be identified before doing actual experiments. The DC motor position model can be seen as a combination of a speed model and an integral. The speed model is identified firstly, and then the whole position model can be easily obtained through the integral. The positive and negative speed model should be identified separately owing to their different parameters in actual DC motor system in the paper. The nominal form of DC motor speed model can be obtained from Section 2.1 as
There are three parameters needed to identify in (22), T m ，K，U , where K=1/K e . By testing and measuring step response of the DC motor speed system，we obtain the input and output data and further identify the three unknown parameters employing curve fitting and optimizing techniques with MATLAB. Finally, nominal model of DC motor position system with positive and negative speed are obtained, respectively, as (9), (14) and (17), the on-line control law of FASMAC are
With the discussion above, the proposed on-line control strategy can be realized as 1) Choose proper series number N of Laguerre function.
www.intechopen.com
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2) Choose proper such parameters of controller as C , 1
3) Initialize coefficients Ŵ of Laguerre function series, here we let
4) In every sample step k when system is running, do
(1)
Read system states X(k), calculate reference states X d (k) and
Calculate the value of sliding function s(t) according to (6). (6) k = k + 1. Return to step (1) in 4) and repeat the on-line operating. Fig.2 shows the actual DC motor device, and the control system consists of a pulse width modulation (PWM) driver, a microcomputer and a build-in card with A/D and D/A channel. The range of digital control signal in this experimental device is in [-2048 2048] , and the corresponding voltage after the D/A channel ranges from -20 to 20 voltage. The digital value of position whose range is in [-180 180] degree can be read from the A/D channel. Moreover, the digital value of velocity can also be read from A/D channel directly. The proposed controller is implemented in a time-interrupt service routine at 10 ms sampling period under MS-DOS environment. The reference trajectory is designed to be Fig.4 shows a comparison of the system output tracking errors between the proposed FASMAC and the controller of AnChyau. It can be seen that the tracking error under the control of FASMAC mainly lies in [-2, 2] , and only reach -7 or 7 when the direction of DC motor speed is changing, whereas, tracking error of An-Chyau's controller lies in [-10, 10 ] and arrive at peak value of -20 sometimes. Therefore, the tracking performance of the proposed FASMAC is better than the An-Chyau's controller. depicts the approximation of nonlinear friction U f (t), which can be calculated as Fig.7 reveals that the uncertain term undulates at -100 or 100 in all the control period except the time of the direction of speed is changing. The main reason is that the identified linear nominal model of DC motor system is proper to the actual DC motor when the system is running at high speed, while it's not accurate at low speed because of the complicated dead zone characteristics caused by uncertain time-varying nonlinear friction, especially when the direction of DC motor speed is changing. Therefore, the model error between the identified nominal model and the actual system at low speed in peak value of uncertain control term ( ) , respectively. Thus, the sliding surface converges rapidly mainly owing to the existent of compensative control term when its error is large, and when the error falls to a certain extent, the sliding surface error still converges to zero because of the constant control term.
www.intechopen.com 
FAT-based Adaptive Sliding Mode Control of SIMO Nonlinear System with Time-varying Uncertainty
In recent years, the usual methods for uncertain systems with specific structure have used in adaptive controller design include robust control (Zhou & Ren, 2001; Zhou, 2004; Hu & Liu, 2004; Wu et al., 2006) , back-stepping (Do & Jiang, 2004; Manosa et al., 2005; Wu et al., 2007) , sliding mode control (Huang & Cheng, 2004a; 2004b; Huang & Kuo, 2001; Chu & Tung, www.intechopen.com
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2005; Fang et al., 2006; Chiang et al., 2007) , neural network technique (Yang & Calise, 2007; Fu & Chai, 2007; Zhou et al., 2007 Tang et al., 2007 and fuzzy method (Hsu & Lin, 2005; Huang & Chen, 2006; Liu & Wang, 2007) . For instance, combining a linear nominal controller with an adaptive compensator, Ruan (2007) and Hovakimyan (2006) realized the high performance stabilizing of inverted pendulum with un-modeling nonlinear dynamics. Since sliding mode control is robust to uncertainties of system structure and parameters, external disturbances and other unexpected factors, when the system lies on the sliding surface, it is obtained more and more attention in the control realm Young et al., 1999) . At present, many adaptive control methods for nonlinear uncertain system whose uncertainty satisfies some conditions (Barmish & Leitmann, 1982; Chen & Huang, 1987) or the bound of uncertainty satisfies strict conditions have been developed (L. G. Wu et al., 2006 ; Z. J. Wu et al., 2007; Fang et al., 2006; Chiang et al., 2007) . These research problems are hotspot in the control realm, and some results have been obtained through years of hard work of researchers Chen & Huang, 2005; Huang & Liao, 2006; Liang et al., 2008) . These research works adopt a common technique named function approximation technique (FAT) despite of their different design methods. Utilizing the FAT, the nonlinear time-varying uncertainty can be transformed into a finite combination of basis functions, and Lyapunov direct method can thus be used to find adaptive laws for updating time-invariant coefficients in the approximating series. Using Fourier series, Huang proposed an adaptive sliding control strategy for a class of nonlinear system with unknown bound time-varying uncertainty satisfying the Dirichlet condition, and further obtained the updating law of coefficients in Fourier series by Lyapunov direct method (Chen & Huang, 2005; Huang & Liao, 2006) . The Section 2 proposed a FAT-based adaptive sliding mode control method. But the above mentioned control strategies are only suitable for single input single output (SISO) nonlinear systems with certain specific structure, not for SIMO uncertain system. In the second part of the chapter we'll propose a FAT-based adaptive sliding mode control method for SIMO nonlinear contol system.
3.1Problem statement
Giving the following SIMO uncertain nonlinear system
where, ,, ( ),
, then (29) can be rewritten as
The mathematical model of many actual SIMO electro-mechanical nonlinear systems with un-modeling dynamics in practical engineering can be described by (30) and compensation of approximation error, and then obtains the concrete expression of updating law of constant coefficient vector and compensation of approximation error through Lyapunov direct method, and thus adaptive sliding control law ) (t u can be obtained finally.
FAT-based sliding mode adaptive controller design
This section gives the details of design procedure of SIMOAC. Firstly, a linear sliding function S(t) is chosen, and then the sliding mode adaptive control law guaranteeing closedloop system stability can be obtained through Lyapunov direct method.
Let the expected state of system (30) Taking time derivative along system trajectory, and according to (33), yields ( )
According to (Liang et al., 2008) , the form of the proposed control law can be chosen as 
Defining system error square sum performance function
is a semi-positive definite diagonal constant matrix.
Taking the time derivative of ) (t f along system trajectory, yields ( ) (36) and (40), (39) can be rewritten as
Theorem 2. For the SIMO nonlinear system (30) with unknown bound time-varying uncertainty, choosing sliding function () St defined as (32) and performance function ) (t f defined as (38), then there exist constant scalar value
satisfy (46) and (47), sliding surface 0 ) ( = t S and the error square sum performance function (2) are stable under the control of (36).
Proof: Choosing the Lyapunov function as ( )
Taking the time derivative of (48), one yields ( )
In time-varying scalar function (33) and (40) (44) and (45), (49) can be rewritten as
www.intechopen.com
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Substituting (46) and (47) 
Choosing proper weight vector
L and learning rate
3. In every sample step k when the system is running, do 4. Reading system current states ) (k X , and obtaining error
, and then calculating ) (k S and ) (k f according to (32) and (38). (44) 
Calculating coefficient increment
10. Calculating sliding mode adaptive control law ) (k u according to (36).
11.
1 + = k k . Return to step 4 and repeat the on-line operating.
Simulation experiment and result analysis on a double inverted pendulum
This section applies the adaptive controller proposed to the stabilizing control of a double inverted pendulum simulating system, and analyzes the simulation result through the comparison with the result of the linear quadratic regulator (LQR). Fig. 10 depicts the system diagram of the double inverted pendulum. The system is mainly composed of a car, two rods linked each other, optical-electrical encoder coders measuring displacement information, an alternating current electric motor driving the car which is linked with a belt. In actual system operatinon the real-time number control signal can be obtained according to current states of the double inverted pendulum, and then this signal can be used to drive the motor to control, and finally the car traverses along the rail.
, then the proposed SIMOAC can be realized in S-function form in MATLAB. Finally, nonlinear stabilizing control simulating system of the double inverted pendulum depicted in Fig. 12 can be established through the series connection of virtual prototype and S-function controller in simulink environment of MATLAB. Afterwards, the stabilizing control simulation experiments on double inverted pendulum can be conduced applying LQR algorithm and the proposed SIMOAC strategy in the simulating system in Fig.12 , respectively. 
Conclusions
In this chapter, two sliding mode adaptive control strategies have been proposed for SISO and SIMO systems with unknown bound time-varying uncertainty respectively. Firstly, for a typical SISO system of position tracking in DC motor with unknown bound time-varying dead zone uncertainty, a novel sliding mode adaptive controller is proposed with the techniques of sliding mode and function approximation using Laguerre function series. Actual experiments of the proposed controller are implemented on the DC motor experimental device, and the experiment results demonstrate that the proposed controller can compensate the error of nonlinear friction rapidly. Then, we further proposed a new sliding model adaptive control strategy for the SIMO systems. Only if the uncertainty satisfies piecewise continuous condition or is square integrable in finite time interval, then it can be transformed into a finite combination of orthonormal basis functions. The basis function series can be chosen as Fourier series, Laguerre series or even neural networks. The on-line updating law of coefficient vector in basis functions series and the concrete expression of approximation error compensation are obtained using the basic principle of sliding mode control and the Lyapunov direct method. Finally, the proposed control strategy is applied to the stabilizing control simulating experiment on a double inverted pendulum in simulink environment in MALTAB. The comparison of simulation experimental results of SIMOAC with LQR shows the predominant control performance of the proposed SIMOAC for nonlinear SIMO system with unknown bound time-varying uncertainty.
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